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These and other objects are accomplished in the instant 
invention in which there is provided a fluid conduit having 
a section containing main and auxiliaq heating elements, 
a control upstream kom the heater elements, and a heat 
sensing element downstream from the heater elements. 
The heat sensing element is connected to, and is fUnG 
tionally part of, a bridge amplifier, which develops a con- 
trol signal which ie amplified and fed to  the ups+ream 
control. The control in turn operates the main heater. 
The purpose of the control elemeat behg physically lo- 
cated in the conduit is to utilize the heat genegated & t h  
transistors of the final amplifier stage of the conad  to 
preheat the fluid ia the conduit, thus redzlchg ohe amount 
d heat reiptired to be fur&hed by the main and auxiliary 

A method and apparatus for achieving high 6Eciency The &vice &O includes an over-temperature cat&ol 
and power economy in a fluid heater a conduit by placing for turning off the main heater when the temperature at 
the control for heat generation in the fluid to be heated, the heat seaing ekment exceeds a ceroain preset value, 
upstream from the heating means, thereby utilizing the and an under-temperature control ta turn on the auxiliary 
heat generated in the control means for preheating the 20 heater when the tempratwe at t& heat sensing element 
fluid anterior to the principal heating means. The cir- drops below a certain preset level. 
cuitry includes an under-temperature control and auXiliary be more fulry undmstood from the 
heater for Preventing underheating and an aver-tempra- following &ailed descbiption taken in ~ I 1 . j ~ c t i o ~  W@ 
ture control for preventing overheating of the fluid stream. fie 

FEG. 1 is a diagram of the basic components of f e  
appa rah  embodying the broad concept of the isvention; 

The invention described herein was made in the per- FIG. 2 is a diagram including the components Qf FIG. 
formance of work under a NASA contract and % subjeot 1, but wizh added compomnts forming ancillary features 
to the provisions of sectioD 30.5 of the National Aero- of the invention; 
nautics and Space Act of 1958, Public Law 85-568 172 30 FIG. 3 is a perspective view, partially &agrammatic, 
Stat. 435; 42 U.S.C. 2457). of a component of the means for controlkg the main 

The present invention relates to a method of controllipg heat generating means; 
the heating of fluid and to an apparatus capable of carry- FIG. 4 is a diagram of a complete electric circuit utilized 
ing out the method. in apparatus embodying the invention; 

F~Q. 5 is a graph showing the totab heating pawel de- 
past a heater in a conduit are well known in the priop wt. veloped in the apparatus; and 
Thermostatic controls are also known for use on such PEG. 6 is a graph showing the effieiency percentage in 
heating devices for turning on or turning off the heater. heating of the apparatus. 
Such heating devices are sorne,times esuippat with fans n e  apparatus is effective for controHably heating a 
ar bio-wers for the purwse of controlling the fbw Of fluid 40 fluid, i.e., a gas or a liquid, or any flowing material. While 

by the heating device. However, cQ@t~o&% the WtPqt Of in detail herein, involves controllably heating a stream of 
a heating device by the use of a fan is inefficient in that a air or gas, it is to be understood that the invention is not 
certain amount of heat energy which is generated by the limited to a gas. The specific disclosure herein involves heater is wasted and Bot utilized @t the delivwy P i n t  45 electrical apparatus, which, in at least c e ~ a i n  applications, 
outside the conduit. is mOre flexibb than other kinds of appaatas, bqk the 

In the past, it has sometimes been the praqtice to locate cQncept of the invention is sufficiently broad to cover 
a thermostatic control, in a conduit but to locate the re- other than electrioal forms of apparatus. 
lated circuitry outside the conduit where the heating takes Referring in detail to the dvawings, attention is directed 
place. Modern control circuits are electronic and C @ B @ h  50 firsf: to the diagrammatic lllustratios of FIG. 1, which 
components which generate heat in the Process af P r -  includes the compfinents of the appratus embodied in 
formbg their contrd function. Even in transistorized the basic concept of the invention. A conduit is indicated 
control circuits, a substantial amount af heat is. generated at 20 for the flow of an air stream therethraugh, w-hieh, in the final amplifier stages. as arbitrarily assumed in the present instance, is upwardly, 

Therefore, an object Of the invention is to pravide %P 55 indicated by the amow 12;. m e  ais may be forced 
paratus and method of the character indicated by which thraugh the co,&& by any suitable shmn)  
the fluid may be heated with greater efficiency than has and its designation and end use may be as desired. 
been possible heretofore, by placing the control mean8 in The air is heated directly by a main Later element 14 the fluid to be heated, upstream from the heating m@aW position,=& in a heater chamber 16 formed in the condait. 
thereby utilizing the heat genwated in the Control 60 me heater element $4 is Fegulabd by a oontrol 18 having 
for preheatisg the fluid anterior to the Principal heating a heat sink plate 6% positioned in a heat sink Qhamber 20 
means. formed in the conduit 10. The oontFal 18 is thus disposed 

directly in the air stream, upstream from rhe heater ele- heated contra1 means for preheating the flwid &earn, and ment 14, and serving a preheating thereby prevent that heat from affectkq the appar-atus 65 
ambient thereto, which would occur if the qoptrol means is act’ated by means mCluding a heat 

sgnsing element 23 disposqd in the air stream, &wn- were not in the fluid stream. stream from the heater elemgnt 14. Tie  signal produced 
tioaal means for preventisg Underheating and Qverheating by the sensing @ is @PWBed by an mmsr 
of the fluid stream relative to a e  normal range of heat- 70 24 and transmitted to the cogtrol 18 €or turn cqn~o l -  
ing provided by the main heating means and the cantrol ling the heater element 14 fop maintai&4 &SiFed 
means therefor. constant temperature of the air stream. 

16 cl&ms 

15 heateIs. 

The invention 

hawings in w&ch: 
25 

Fluid heating devices which operate by circulating fluid 35 

past the heater and thereby conwalling the heat fur ed the particular application of the invention, as described 

Another abject id to Utilize the heat @mr@ed by the 

me cDntrol 

Additional and ancillary obkets to incluh 
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The diagram of FIG. 2 includes all of the components with, are a plurality of hea nk fins 64, also of high heat 
of MG. 1, together with additional details of certain of conductive characteristics. This unit or assembly of FIG. 
those components, and with additional components. The 3, embodying the control 18, may be placed bodily in 
conduit, the heater element, the control, and the sensing the conduit 10, as indicated in FIG. 1, or the fins 64 placed 
means, referred to in connection with FIG. 1, are in- in the conduit and the other portions exteriorly thereof, 
cluded in this diagram. The amplifier 24, referred to in as indicated in FIG. 4, the consideration being high heat 
connection with FIG. 1, as illustrated in the present fig- transfer relation between the transistors and the air 
ure, includes three different subcomponents which will stream, made effective by the air flowing in contact with 
be described in detail hereinbelow. Also included in FIG. the fins. 
2 is a voltage regulator 26. The main heater element Referring again to FIG. 4, the heater element 14 which 
14 is accompanied by an auxiliary heater element 28, may include simply an electrical heating element, is con- 
which is also located in the heater chamber 16. nected on one side to the conductor 58 referred to above 

refinements in the apparatus, auxiliary heating and on the other side to a conductor 68. The conductor 
means is provided for quickly bringing the air stream up 68 leads t0 a normally closed switch 70, incorporated in 
to the desired temperature after which it cuts out, this 15 a relay 72, the Coil of which is shown at 74. The switch 
means being indicated as a whole at 32, and including 70 is connected with another conductor 76 leading to 
the heater element 28. Additionally, means is another conductor 78 which in turn is connected with the 
provided for cutting out the main heating means in the lead-in conductor 36. The circuit through the heater ele- 
event that the air stream should become heated to too ment 14 is completed in the Opposite direction from the 
high a temperature, this latter means being indicated as 20 conductor 58 to a Conductor $0 through the transistor 
a whole at 30. 56, which constitutes the direct heater controlling means, 

in detail then to  conductors 82, 84 and $6, the last one of which 
an operative electrical circuit embodying all of the corn- is connected with the other lead-in conductor 38. 
ponents referred to above. A line source 34 includes lead- In the operation of the apparatus, and assuming a cold 
in conductors 36 and 38, which, in the specific embodi- 25 condition, the apparatus is turned on, and in the condi- 
ment herein shown and described, is a D.C. source of tion of the circuit as shown in FIG. 4, the current is en- 
approximately 22-32 volts. Interposed in the circuit is abled to pass through the end transistor or controlling 
the voltage regulator 26 referred to above, which, as element 56, and through the main heater element 14. This 
shown in FIG. 4, incorporates the various elements heater element thereupon conducts and heats up, and the 
normally utilized in a voltage regulator. The voltage reg- 30 heat generated thereby is dissipated into the air stream in 
ulator may be of any known type and a description of the normal operation thereof. As the air stream warms 
the details thereof is not necessary in this instance. up. It is sensed by the sensing element 22, and the 

The circuit includes a bridge amplifier 40 which may current passing through the sensing element is varied, in 
also be of known type. The heat sensing element 22 re- accordance with the inherent characteristics of that ele- 
ferred to above and also included in FIG. 4, forms one 35 ment. This variation in current produces an unbalanced 
leg of this bridge amplifier. The heat sensing element 22 condition in the bridge amplifier, as referred to above, 
in itself may be of known type and includes an element and a signal is thereby produced which is amplified by 
sensitive to temperature changes of the air stream, and the proportional control amplifying means 46. The final 
in response thereto, produces a greater or lesser current. signal imposed on the transistor 56 correspondingly af- 
The resulting imbalance is sensed or felt in the bridge 40 fects the main heater element 14 so as, in the case of 
amplifier 40 which amplifies and transmits controlling increasing heat, to reduce the heating effect of that heater 
signals through the conductors 42 and 44 which lead to element. 
a proportional control amplifier means designated in its The positioning of the control means effectively in the 
entirety at 46 (bottom of FIG. 4) which is made up of air stream and the consequent preheating of the air stream 
a plurality of subcomponents to  be described in detail 45 produces an unusually high degree of efficiency. The heat 
hereinbelow. The bridge amplifier 40 includes a potenti- generated by such a control means in apparatus hereto- 
ometer 48 for adjustably setting the point at which the fore known was dissipated to the external surroundings 
sensing element produces the desired controlling signal. with consequent serious loss. That same heat so dissipated 

The signals transmitted from the bridge amplifier are to the external surroundings is now dissipated to the air 
again amplified by the proportional control amplifier 46, 50 Stream, and serves to pre-heat it so as to require less heat- 
which includes three subcomponents, 50, 52 and 54, each ing by the heater element 14. Attention is directed to FIG. 
of which in itself in as conventional amplifying means of 5, which represents the absolute power in watts, and the 
known type. These amplifying means or subcomponents Percentage power. The power of the transistor 56 is repre- 
operate in stages for increasing the amplification of the sented by the Curve 88, While the Power of the heater 
signals. It will be noted that the various amplifying corn- 55 element 14 is represented by the curve 90. The resultant 
ponents incorporate transistors therein in a known ampli- curve 92 represents the total power of the two components, 
fying arrangement, and the last of these transistors, namely, the transistor and the heater element. A remark- 
namely, 56, transmits the signals to and directly controls able increase in total power is indicated at the 50% point, 
the operation of the main heater element 14, through where the heater power is shown to be about 33 watts, 
a conductor 58 and other portions of the circuit to be 60 while the total power is about 75 watts, or more than 
referred to again hereinbelow. The amplifier 54 includes twice the value of the heater power alone. 
another transistor, namely, 60. The transistor 56, and if FIG. 6 is a graph showing the efficiency of the arrange- 
desired, the next preceding transistor 60, are disposed in ment in percentage, where it will be seen at the same 50% 
the air stream, either directly or indirectly in such a way power position, the efficiency rises from about 68% to 
as to dissipate into the air stream the heat generated by 65 about 96% as compared with the controlling element not 
those transistors in their function of controlling the heat- in the air stream on one hand, and in the air stream 
er element 14. on the other hand, as represented by the graphs 94 and 96, 

Attention is directed to FIG. 3, showing the control respectively. The advantages are greatest in the mid-range 
18, at least partially semidiagrammatically; it includes the of operation of the heater element, this portion of the 
transistor 56 secured to a heat sink plate 6% of high h 70 range being desirably used so as to provide greatest flexi- 
conductive characteristics. If desired, the transistor bility in control thereof. 
may also be mounted on the plate 62. The mechani Another advantage of the arrangement is that, in addi- 

nsistors, and the manner of secur- tion to improved efficiency, it eliminates the dissipation of 
may be as desired. Mounted also the heat from the control means 54 to the ambient sur- 

~d heat cQslducting CQntaCt there- 75 roundings, which in many circumstances is serious from 

Attention is now directed to FIG. 4 
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the standpoint of accuracy in precision control conditions. heat sink means being positioned upstream from said 
In order to provide against runaway overheating in min heater element, ampWer means including heat 

critical heating conditions, and to provide safety precau- sensing means, said heat sensing means being located in 
tion against defects such as short circuits, etc., and such said conduit downstream €rom said main heater element, 
as may be serious in high accuracy conditions, means is said heat sensing means operative for actuating said con- 
provided for cutting out the heater element 14 if the tem- trol means and thereby said heater element for heating 
perature of the air stream should exceed a predetermined said fluid to substantially a constant temperature. 
dangerous level. This means referred to above as the over- 2. Apparatus as set out in claim 1, and wherein said 
temperature control 30 is also included in the circuit of control means is operative for controlling said heater ele- 
FIG. 4 and includes the relay 72 and a relay driver 90. lo ment throughout the range €rom zero to maximum 
The over-temperature relay driver 90 includes amplifying capacity. 
means operative for amplifying signals produced by the 3. Apparatus for controllably heating a stream of fluid 
sensing element 22, and transmitted by the bridge ampli- in a conduit, comprising an electrical resistance heater 
fier 40 and is operative upon the final signal current pass- element in said conduit, circuit means for connecting said 
ing through the last stage or transistor 92 for energizing 15 heater element with a source of current, CQntrOl means 
the coil 74, when that current reaches a predetermined including a heat sink member in said conduit upstream 
value. The over-temperature relay driver 90 includes a from said heater element operative for controlling flow 
potentiometer 94 for setting the point at which the relay of current to said heater element, and amplifier means 
driver operates to energize the coil 74 according to the including a heat sensing element, said heat sensing ele- 
temperature of the air stream to be safe-guarded against. 20 ment being located in said conduit downstream from said 
The coil 74, upon energization thereof, opens the switch heater element operative for actuating said control means 
70, and thus opens the circuit to the heater element 14. for thereby controlling said heater element for maintain- 
The provision of the relay 72 and the driver 90 serves as ing a substantially constant temperature in said fluid. 
a safeguard in the event that any malfunction should de- 4. Apparatus as set out in claim 3 and wherein said 
velop in the transistor 56 or any of the other elements in 25 amplifier means includes a bridge circuit and said heat 
the train anterior thereto, preventing overheating and dam- sensing element forms one leg of said bridge circuit, and 
age resulting therefrom. second circuit means is provided which, responsive to an 

Means is also provided for rapidly heating the air unbalanced condition in the bridge circuit, is operative 
stream in the event that unusually cold conditions are en- for actuating said control means. 
countered. The auxiliary heater element 28 is utilized for 30 5. Apparatus as set out in claim 4 wherein said control 
this purpose. This auxiliary heater element is connected means comprises a transistorized, multistage proportional 
at one side to a conductor 96 which leads through con- control amplifier, arranged so that the heat generated in 
ductor 68 and associated elements to the lead-in conduc- the transistor of its find stage is dissipated through said 
tor 36; on the other side it is connected to a conductor heat sink member in said conduit. 
98 and a conductor 99 in which is a normally open switch 35 6. Apparatus for controllably heating a stream of fluid 
BOO, the switch being connected on the other side to con- in a conduit, comprising a main heater element and an 
ductors 82 and 84 and through the conductor 86 to the auxiliary 'heater element in said conduit, circuit means 
opposite lead-in conductor 38. for transmitting a heating medium to said heater elements, 

The switch 100 is incorporated in a relay 102 which control means including a heat sink member in said con- 
includes a coil 104 (center left) incorporated in the under- 40 duit upstream from said heater elements, sensing means 
temperature control means 32. This means 32 includes an including a heat sensitive element in said conduit down- 
under-temperature relay driver 104, which is an amplify- stream from said heater elements, amplifier means re- 
ing means of known kind, and incorporated in the circuit sponsive to said sensing means operative for actuating 
similarly to the over-temperature relay driver 90 so as to said control means for thereby controlling said main heater 
be controlled by the signals produced by the sensing ele- 45 element for maintaining a substantially Constant temper- 
ment 22. These signals are transmitted through the bridge ature, and an under-temperature Control responsive to 
amplifier 40 to the relay driver or amplifying means said sensing means for energizing said auxiliary heater 
106. The signal imposed on the relay driver 106 is the element when said fluid is 'below a predetermined tem- 
result of the action of the bridge amplifier 40 due to an perature and de-energizing it when the fluid exceeds said 
imbalance therein caused by the signals produced by the 50 predetermined temperature. 
sensing element 22. The signals thus developed in the 7. Apparatus as set out in claim 6 and including an 
relay driver 106 in the final stage thereof constituted by over-temperature control responsive to said sensing means 
the transistor 108 are imposed on the coil 104. The coil, for energking said main heater element when said fluid is 
when thus energized, closes the switch 100, and puts the below a predetermined temperature and de-energizing it 
auxiliary heater element 28 in circuit. The relay driver gj above that predetermined temperature, and wherein the 
106 is adjusted by means of a potentiometer 110, so as predetermined temperature associated with said main 
to render the relay driver operative for closing the switch heater element is higher than the predetermined temper- 
300 below a predetermined temperature of the air stream, ature associated with the auxiliary heater element. 
When the temperature of the air stream then reaches that 8. Apparatus as set out in claim 7 and wherein both said 
predetermined temperature, the relay 102 is deenergized, 60 over-temperature control and said under-temperature con- 
the switch 180 is opened and the auxiliary heater element trol are operable independently of said control means. 
28 is cut out. 9. Apparatus for controllably heating a fluid stream in 

Obviously, numerous modifications and variations of a conduit comprising heating means in said conduit, con- 
the present invention are possible in the light of the above trol means including means in said conduit upstream from 
teachings. It is therefore to be understood that within the 65 said heating means operative for controlling the said heat- 
scope of the appended claims, the invention may be prac- ing means, said means in said conduit being operative to 
ticed otherwise than as is specifically described. itself generate heat and dissipate heat into the conduit 

What is claimed is: upstream from said heating means, and amplifier means 
I. Apparatus for controllably heating a stream of fluid including a heat sensing element, said heat sensing ele- 

flowing through a conduit, comprising a main heater ele- 70 ment being located in the conduit downstream from the 
ment in said conduit of predetermined capacity for gen- heating means operative in response to temperature change 
erating heat, means for transmitting heating medium to in said fluid for actuating said control means and thereby 
said main heater element, control means for controlling controlling the heating means for maintaining a substan- 
heat generation by said main heater element, said control tially constant temperature in said fluid. 
means having heat sink means in said conduit, and said 75 10. Apparatus as set out in claim 9 wherein the said 



3,517,162 

control means includes a transistorized amplifier and the 
said means in said conduit is one transistor amplifier 
stage of the amplifier. 

11. Apparatus for controllably heating a stream of 
fluid flowing in a conduit, comprising a main heater ele- 
ment and an auxiliary heater element in said conduit, a 
bridge amplifier, said amplifier including a heat sensing 
element located in the conduit downstream from the 
said heater elements, a proportional control amplifier 
connected to the bridge amplifier, said proportional con- 
trol amplifier including a heat sink member located in 
said conduit upstream from the said heater elements, said 
bridge amplifier being operative to furnish a control sig- 
nal to said proportional control amplifier and said pro- 
portional control amplifier being further operative to 
control said main heater element, said heat sink member 
being operative to dissipate heat into said conduit, and 
an auxiliary heater control means for separately ener- 
gizing said auxiliary heater element. 
12. Apparatus as set out in claim 11 wherein said pro- 

portional control amplifier is a transistorized, multistage 
amplifier, and the said heat sink member dissipates the 
heat generated by the transistor of the final amplifier 
stage. 

13. Apparatus as set out in claim 12 wherein said aux- 
iliary heater control means is an under-temperature con- 
trol responsive to said heat sensing element for energiz- 
ing said auxiliary heater element when said fluid is below 
a predetermined temperature and deenergizing it when 
the fluid temperature exceeds said predetermined tem- 
perature. 

14. Apparatus as set out in claim 13 including an over- 
temperature control responsive to said heat sensing ele- 
ment for energizing said main heater element when said 
fluid is below a predetermined temperature and deener- 
gizing it above that predetermined temperature, and 
wherein the predetermined temperature associated with 
said main heater element is higher than the predetermined 
temperature associated with the auxiliary heater element. 

15. The method of controllably heating a fluid stream 
in a conduit by the use of heating means and means for 
limiting the quantity of heat generated by the heating 

8 
means, comprising the steps of introducing heat gen- 
erated by the heating means into the fluid stream at a 
first position, introducing heat generated by the limiting 
means in its temperature limiting function into the fluid 
stream at a second position upstream from said first po- 
sition, and sensing the temperature of said fluid stream 
downstream of said heating means and said limiting means 
and causing said limiting means to limit the generation 
of heat by said heating means when a predetermined 
desired temperature is reached. 

16. The method as set out in claim 15 and including 
the step of introducing heat from an auxiliary heating 
means into the fluid stream while the fluid stream is 
below a second predetermined temperature, said second 

15 predetermined temperature being below said predeter- 
mined desired temperature. 

2o 1,515,234 
1,976,367 
2,165,523 
2,492,774 
2,544,544 

25 2,789,200 
2,79 1,670 
2,805,311 
3,046,380 
3,079,484 
3,280,306 
1,937,042 
2,838,643 

’’ 189,724 
750,006 
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